Investigation of dependences of the morphological composition of body and amino acid composition of trout meat proteins (Oncorhynchus mykiss) on levels of the energy value of feeds by Kondratiuk, Vadym & Otchenashko, Volodymyr
Potravinarstvo Slovak Journal of Food Sciences 




Potravinarstvo Slovak Journal of Food Sciences 
vol. 15, 2021, p. 497-505 
https://doi.org/10.5219/1601 
Received: 26 March 2021. Accepted: 15 May 2021. 
Available online: 28 May 2021 at www.potravinarstvo.com 
© 2021 Potravinarstvo Slovak Journal of Food Sciences, License: CC BY 4.0  
ISSN 1337-0960 (online)  
 
INVESTIGATION OF DEPENDENCES OF THE MORPHOLOGICAL 
COMPOSITION OF BODY AND AMINO ACID COMPOSITION OF TROUT MEAT 
PROTEINS (ONCORHYNCHUS MYKISS) ON LEVELS OF THE ENERGY 
VALUE OF FEEDS 
 
 
Vadym Kondratiuk, Volodymyr Otchenashko 
   
ABSTRACT 
The article studies the effect of using complete compound feeds with different energy levels on the morphological 
composition of the body and the amino acid composition of trout meat proteins. The experiment aimed to establish the 
influence of different levels of energy nutrition of commercial rainbow trout on the morphological composition of their body 
and the amino acid composition of meat proteins. For this purpose, five experimental groups were formed using the analog 
method. The study lasted 210 days and was divided into two periods: comparative (10 days) and main (200 days). During 
the comparative period, the study fish consumed compound feed of the control group. During the main period, the energy 
level in experimental compound feeds for different experimental trout groups ranged from 16 to 20 mJ per 1 kg. It was found 
that with an increase in the mass of two-year-old trout, the mass of muscle tissue and the yield of edible parts probably 
increases. Feeding fish with an increased amount of metabolic energy (20 mJ.kg-1) resulted in a significant change in the 
weight of internal organs, including the heart, liver, and kidneys. Increasing the metabolic energy in the compound feeds of 
fish from 18 mJ.kg-1 to 19 – 20 mJ.kg-1 leads to a significant increase in bowel mass by 13.3 – 5.0%. An increase in the level 
of metabolic energy in rainbow trout diets from 18 mJ.kg-1 to 19 – 20 mJ.kg-1 contributed to a likely increase in the methionine 
content in meat. A similar pattern was observed for the tryptophan content. It was found that the content of most essential 
amino acids in the protein of rainbow trout meat exceeds the corresponding values in the "ideal" protein, except for the 
content of isoleucine and leucine, which refers them to limiting amino acids. 
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INTRODUCTION 
Trout meat is a product that has benefits for human health. 
This is due to its composition, which contains many 
important substances (Archibisova and Suslov, 2018). 
Trout meat is the richest source of easily digestible animal 
protein, vitamins A, D, group b vitamins, as well as trace 
elements such as selenium, zinc, iodine, magnesium, 
potassium, calcium, and phosphorus. In cooking, trout is 
very much appreciated due to the high taste qualities of its 
fatty meat (Mushtruk, et al., 2020a). Trout meat contains 
a lot of unsaturated fatty acids, which can reduce the amount 
of "harmful" cholesterol in the blood, preventing the 
development of atherosclerosis and its complications in the 
form of coronary heart disease, as well as heart attacks and 
strokes (Makarenko et al., 2021). 
Trout meat contains many essential amino acids, which 
confirms the benefits of trout for people with anemia, 
diseases of the cardiovascular system, and people suffering 
from debilitating, long-term diseases (Orel, 2020). 
Since rainbow trout is one of the most valuable fish species 
for humans, the need for the Ukrainian consumer market for 
this product is growing, which encourages producers to 
develop fish farms, increase production capacity, and 
encourage increased productivity and product quality 
(Kozakevych, 2017; Mushtruk, et al., 2020b). The most 
effective and efficient way to achieve the goals is to choose 
the right feed and feeding strategy. Analysis of literature 
sources has shown that the most effective way to achieve 
goals is to select the appropriate feed and feeding strategy. 
The consumption of a part of the feed for energy needs is 
often variable and requires a detailed study, taking into 
account all the features of the study object (Buchtová and 
Ježek, 2011; Sukhenko et al., 2017). 
So, the study of the influence of different energy nutrition 
of rainbow trout on the morphological composition of the 
body and the amino acid composition of meat proteins  
is necessary to determine the energy needs of fish for the 
successful operation of fish farms and meet the needs of 
consumers in a high-quality product. 
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Scientific hypothesis  
Morphometric parameters can serve as an integral 
characteristic of the living conditions of fish in a particular 
water body. At the same time, among the relevant studies, 
this area remains the least studied. Therefore, research is 
aimed at establishing the influence of the main factors of 
energy supply and their impact on the morphological 
composition of the body and the amino acid composition of 
trout meat proteins. 
MATERIAL AND METHODOLOGY 
The research was conducted in the spring, summer, and 
autumn periods from 2017 to 2019 in ponds based on the 
training-research-production laboratory of fish farming of 






 Figure 1 Two-year-old rainbow trout (Oncorhynchus mykiss), which was obtained in the autumn of fish farming of the 
Shipot farm in Perechinskyi District of Zakarpattia (Transcarpathian) region. 
 
   
 




 Figure 3 Conducting a morphometric analysis of two-years of the rainbow trout (Oncorhynchus mykiss). 
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Samples 
Using the analog method, five experimental groups were 
formed, from which fresh fish was sampled for further study 
in the amount of five specimens with an average weight for 
the group (Figure 1, 2, and 3). 
Chemicals 
 Formaldehyde (CH2O, producer «Inter-Synthesis» 
Limited Liability Company, Ukraine, chemically pure for 
analysis). 
 Formalin (water solution formaldehyde, producer «Inter-
Synthesis» Limited Liability Company, Ukraine). 
Animals and Biological Material 
 Experimental studies were performed on two-year-old 
rainbow trout Oncorhynchus mykiss (Walbaum, 1792).  
 During the morphological analysis, 200 samples of 
rainbow trout were caught, and during the morphological 
analysis, 100 specimens were processed.  
Instruments 
 Еlectronic laboratory scales (ТВЕ-0.15-0.001-а-2, 
producer «Inter-Synthesis» Limited Liability Company, 
Ukraine) 
 Technical electronic scales (ВТНЕ-6-Н1К-1, producer 
"Inter-Synthesis" Limited Liability Company, Ukraine). 
 Binocular microscope (XSP-139B LED Ulab, producer 
"Laboratory equipment" Limited Liability Company, 
Ukraine). 
 Stereoscopic microscope (MBS-9, producer "Laboratory 
equipment" Limited Liability Company, Ukraine). 
 Amino acid analyzer (Biotronik LC 2000 (Germany), 
producer "Laboratory equipment" Limited Liability 
Company, Ukraine) 
Laboratory Methods 
 To achieve the task of the experiment used standard 
methods of morphometric analysis GOST (1985). 
 Processing of ichthyological materials was performed 
according to standard methods generally accepted in 
ichthyology (Sabaj, 2020). 
 The size composition of fish was carried out on live 
material according to the scheme developed by I. F. Pravdin 
for salmon fish (Souza et al., 2019).  
 The mass fraction of amino acids – by ion-exchange 
chromatography on the automatic amino acid analyzer 
Biotronik LC 2000 (Germany), the proportion of tryptophan 
- by the colorimetric method after alkaline hydrolysis of the 
studied samples. Biometric processing of the study results 
was carried out according to N.A. Plokhinskyi (Park et al., 
2018). 
Description of the Experiment 
 The scientific and economic experiment aimed to establish 
the influence of different levels of energy nutrition of 
commercial rainbow trout on the morphological 
composition of the body and the amino acid composition of 
trout meat proteins. 
 For this purpose, five experimental groups were formed 
using the analog method (Table 1). During the comparative 
period of the experiment, which lasted 10 days, the 
experimental fish consumed compound feed of the control 
group.  
 During the main period of the experiment (200 days), the 
level of metabolic energy in the trout feed of the 
experimental groups was regulated by changing individual 
components of compound feed (using combined 
mathematical methods for optimizing the calculation using 
the AgroSoftWinOpti program). 
 Feeding of rainbow trout during the research period was 
carried out 4 – 6 times a day, in the daytime at regular 
intervals. The required amount of feed was calculated 
following the indicators of individual fish weight and 
ambient temperature at the time of feeding.  
 Table 1 Scheme of scientific and economic experiment. 
Group 
Density 
at the beginning of 
the experiment,  
exe./ m2 
Average mass at the 







exchange energy content in 1 kg of 
compound feed, mJ 




2-experiment 50 0.0507 ±2.41 16.0 
3-experiment 50 0.0505 ±3.14 17.0 
4-experiment 50 0.0509 ±1.53 19.0 
5-experiment 50 0.0503 ±2.83 20.0 
 
 Table 2 Content in 1 kg of compound feed, %. 
Indicator Group 1st 2nd 3rd 4th 5th 
Exchange energy, mJ 18.00 16.00 17.00 19.00 20.00 
Crude protein 48.00 48.00 48.00 48.00 48.00 
Сrude fat 18.00 18.00 18.00 18.00 18.00 
Crude fiber 2.50 2.72 2.40 2.56 2.44 
Calcium 1.80 1.80 1.80 1.80 1.80 
Total phosphorus 1.20 1.20 1.20 1.20 1.20 
Lysine 2.70 2.70 2.70 2.70 2.70 
Methionine 0.90 0.90 0.90 0.90 0.90 
Vitamin A, ths. МО 10 10 10 10 10 
Vitamin D3, ths. МО 3 3 3 3 3 
Vitamin E, mg 200 200 200 200 200 
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The nutritional value of experimental production compound 
feeds is shown in Table 2. 
 Experimental trout were weighed every 10 days. The 
weighing of fish was carried out on electronic scales in a 
tared container with water, with an accuracy of 0.1 g. 
Cultivation of commercial two-year-olds was carried out in 
ponds with an area of 100 m2 with a density of 50 sp./m2, 
and the water level in them is 1 m. The total number of trout 
individuals in experimental studies was 25 thousand 
specimens.   
 The assessment was carried out according to the main fish-
ichthyological parameters: body weight, industrial body 
length, head length, the largest and smallest body height, 
and the length of the caudal fin. Measurements were made 
with a centimeter tape with an accuracy of 0.1 cm. The 
individual weighing was carried out on electronic 
commodity scales with an accuracy of 1.0 g. For the study, 
fresh fish was used in the amount of 5 specimens with an 
average weight in the group. 
 Commercial qualities of rainbow trout were determined by 
the main indicators of the size and mass composition of raw 
materials-the mass of fish, head, fins, bones, muscle tissue, 
bones, skin, and internal organs. Based on the obtained 
weighing data, the ratio of the mass of individual parts of its 
body to the mass of a whole fish was determined GOST 
(1985). 
 Based on the obtained indicators, the amino acid score of 
essential amino acids was calculated for a more complete 
and versatile characterization of raw materials and products: 
 
 
 Where:  
АСі is the score of essential amino acid, %; АКpr - essential 
amino acid content in 1 g of the test protein, g.100g-1; АКst 
-the content of the same essential acid in 1 g of "Ideal" 
protein, g.100g-1. 
 
Limiting acid was considered the one with the lowest 
speed. 
Studies of the growth rate of rainbow trout were carried 
out based on the results of control catches. At least 100 sp. 
of each group was weighed on an electronic scale. 
Description of the Experiment 
 Sample preparation: For two years, 500 specimens of 
rainbow trout (Oncorhynchus mykiss) of different sizes and 
weight groups were studied. 
 Number of samples analyzed: According to the results of 
experimental studies in the first year, 200 samples were 
analyzed, and in the second year of research, 300 samples, 
respectively. 
 Number of repeated analyses: All measurements of 
instrument readings were performed 5 times.  
 Number of experiment replication: The number of 
repetitions of each experiment to determine one value was 
also 5 times. 
 
Statistical analysis  
 The statistical evaluation of the results was carried out by 
standard methods using statistical software Statgraphics 
Centurion XVII (StatPoint, USA) – multifactor analysis of 
variance (MANOVA), LSD test. Statistical processing was 
performed in Microsoft Excel 2016 in combination with 
XLSTAT (version 2019.3.2). Values were estimated using 
mean and standard deviations. We calculated the arithmetic 
mean (unweighted) value (M), the arithmetic mean error  
(±m), which made it possible to estimate with a certain 
probability the deviation of the arithmetic mean deviation, 
Fulton fatness rate. The statistical reliability of the results 
of the research was provided by analyzing samples with the 
number of fish from 10 to 25 specimens. 
 
RESULTS AND DISCUSSION 
Today, the whole world sets up its production according 
to the principles of sustainable development, in Europe 
farms try to develop, adhering to its basic principles, but at 
the Open Data Science (ODS) summits, each time the 
question is raised about the problem of incomplete 
implementation of important points of the principle (FAO, 
2016). This encourages researchers to improve production 
technology, scientifically substantiating their developments 
and proposals. Many studies suggest using interesting 
alternatives in feeding and keeping rainbow trout 
(Voorhees et al., 2019; Voorhees et al., 2018; Jones et al., 
2020; Huysman et al., 2019). Working through an array of 
scientific publications, it became obvious that the range of 
available study objects is extremely wide. Scientists have 
studied many indicators, starting with the etiology 
(behavior) of trout, ending with the mortality rate (Crank, 
Voorhees and Barnes, 2019; Keshavarzi et al., 2018). 
Choosing the subject and object of our study, the decisive 
argument was the consumer's need for a high-quality 
product, which focused our attention on the growth rate and 
high-quality composition of trout meat. 
 Comparison of the efficiency of energy use in fish feeding 
has been studied by many foreign specialists, whose 
scientific works confirm the influence of the studied factor 
on the object of the study (Brooks et al., 2019; De Sá, et 
al., 2018; Mao et al., 2018). 
  The data of our studies indicate that commercial trout fed 
with compound feeds with different energy nutritional 
values had different masses in all time periods of the main 
period of the experiment. It was found that at the end of the 
experiment (7th month), the highest mass was reached by 
two-year-olds who were fed with compound feed with an 
exchange energy content of 19 and 20 mJ.kg-1, which 
prevailed over analogs who were fed with feed with an 
exchange energy level of 18 mJ.kg-1by 0.015 and 0.0334 kg 
(p <0.05), respectively, or by 5.2 and 11.5%. At the same 
time, trout fed with compound feed with an exchange 
energy content of 16 and 17 mJ.kg-1 were inferior to their 
peers fed with feed with an exchange energy level of 18 mJ 
by 0.0292 (p <0.01) and 0.0128 kg, respectively, or by 10.1 
and 4.4%. A direct correlation between the content of 
metabolic energy and the bodyweight of fish was also 
recorded in studies by foreign scientists (Carozza, Bianchi 
and Galbraith, 2019; Hicks et al., 2019; Houk et al., 
2018). 
It is known that the level of metabolic energy is one of the 
most significant factors influencing the intensity of tissue 
development and biosynthetic processes in the fish body, 
affecting both the level of productivity and the exchange of 
other compounds (Rubio-Gracia et al., 2020; Sheiko et al., 







Potravinarstvo Slovak Journal of Food Sciences 
Volume XX 501  XXXX 
The mass composition of fish, that is, the ratio of fish body 
parts is one of the important characteristics for developing 
norms for the consumption of raw materials and the yield of 
finished products. 
 To make rational use of fish raw materials and establish 
yield standards for semi-finished products and finished 
products, we studied the mass composition of rainbow trout, 
depending on the influence of part typical factors, in 
particular feeding conditions (energy nutrition). 
The results of the conducted studies show that different 
levels of metabolic energy in compound feed for rainbow 
trout during cultivation affect its commercial qualities in 
different ways (Table 3). 
Analysis of data on the mass composition of rainbow trout 
indicates certain stability of the relative mass of the skin and 
internal organs. When achieving high mass indicators, there 
is an increase in the relative mass of muscle tissue and a 
slight decrease in the yield of inedible parts (group 5). This, 
in turn, leads to an increase in the yield of edible parts, the 
difference between the control and the indicators of the 5th 
group is statistically significant (p <0.001). 
In general, it was found that with an increase in the mass 
of two-year-old trout, the mass of muscle tissue and the 
yield of edible parts increases. 
A more complete description of rainbow trout grown in 
industrial conditions using compound feeds of various 
energy nutritional values were obtained after studying the 
internal organs (Table 4). 
Analysis of the obtained data revealed changes in internal 
organs depending on the content of metabolic energy in 
experimental compound feeds. Feeding fish with an amount 
of metabolic energy (20 mJ.kg-1) resulted in a significant 
change in the weight of internal organs, including the heart, 
liver, and kidneys. 
The use of compound feeds with a high content of 
metabolic energy in feeding rainbow trout led to a 
significant change in intestinal mass. As you know, the 
digestive system of trout reacts quite quickly to changes in 
the physicochemical characteristics of the feed. During the 
research of M.A. Shcherbina, it was found that the stomach 
of rainbow trout also takes an active part in the absorption 
of nutrients. At the same time, the main place of absorption 
is the anterior part of the intestine and the part adjacent to 
the pyloric appendages, where up to 90% of proteins, fats 
and carbohydrates can be absorbed with optimal feeding 
(Hu et al., 2018; Liu et al., 2019; Kasozi et al., 2017). 
As a result of the analysis of the morphological body 
composition of rainbow trout, it was found that an increase 
in the amount of metabolic energy in fish feed to  
19 mJ.kg-1 (group 4) and 20 mJ.kg-1 (group 5) leads to an 
increase in intestinal mass by 5.0% and 13.3% compared to 
the same control indicator. The difference is statistically 
significant (p <0.05; p <0.01). 
It is known that the level of energy nutrition affects the 
need for amino acids in fish (Raji et al., 2020; Jia et al., 
2017; Smetanska et al., 2021), but to characterize the 
nutritional and biological value of fish raw materials, it is 
important to study changes in its amino acid composition 
(Table 5). 
Analysis of the amino acid composition of fish raw 
materials shows that meat proteins (amino acid composition 
of muscle tissue proteins) of rainbow trout have a high 
biological value and contain all essential amino acids, 
among which lysine predominates (2.23 – 2.74 mg.100g-1), 
leucine+isoleucine (1.79 – 2.03 mg.100g-1), threonine (1.14 
– 1.69 mg.100g-1). In scientific studies (Rajabzadeh et al., 
2018; Roohani et al., 2019; Nogales‐Mérida et al., 2019), 
the amino acid composition of various fish raw materials 
was analyzed and only the lysine content was determined. 
Study results show that increasing the energy level of 
feeding rainbow trout contributes to an increase in the 
accumulation of essential amino acids. Thus, the amount of 
methionine in the meat of fish of the experimental groups 
was in the range of 0.47 – 0.87 mg per 100 g of product. 
However, it should be noted that an increase in the level of 
metabolic energy in the diets of fish of the experimental 
groups from 18 mJ.kg-1 (control group) to 19 – 20 mJ.kg-1 
(4th and 5th groups) contributed to an increase in the 
content of methionine in meat by 33.8 – 47.5 % (p <0.01,  
p <0.001). The highest methionine content was found in 
trout meat of the 5th experimental group, which received 
compound feed with an increased (up to 20 mJ.kg-1) content 
of metabolic energy. 
Analyzing the data on the content of methionine in fish 
meat, the diet of which was with a reduced content of 
metabolic energy, it should be noted that reducing its level 
to 16 mJ.kg-1 (2nd experimental group) contributed to a 
decrease in the content of methionine from 0.59 to  
0.48 mg.100g-1 of the product, and up to 17 mJ.kg-1 – led to 
a slight increase in its level, compared with analogs of the 
control group. In scientific studies (Rogoskii et al., 2020; 
Čapla et al., 2020) analyzed the content of methionine in 
fish meat, it should be noted that scientists observed a 
decrease in its level to only 10 mJ.kg-1, which helped reduce 
the content of methionine from 0.42 to 0.38 mg.100g-1 of 
product. 
The same pattern was observed for the tryptophan content. 
In the muscles of rainbow trout of the 3rd, 4th, and 5th 
experimental groups, the tryptophan content was 11.5 – 
65.4% higher than in the analogs of the control group. The 
highest content of tryptophan was in the meat of fish of the 
5th experimental group and amounted to 0.43 mg.100g-1 of 
the product, which is 48.3% and 22.8% more compared to 
the indicators of fish of the 3rd and 4th experimental groups. 
Amino acids such as serine, arginine, and threonine are 
hydrophilic amino acids that determine the moisture-
retaining ability of fish meat. As can be seen 
 from the conducted experimental studies, proteins contain 
a sufficient amount of these amino acids, which explains the 
rather high moisture-retaining ability of meat. 
The results of the studies showed that the sum of essential 
amino acids in the muscle tissue of rainbow trout of the 3rd, 
4th, and 5th experimental groups, whose compound feed 
contained an exchange energy content of 17 – 20 mJ.kg-1, 
exceeded the indicator of the control group by 4.8%, 14.4%, 
and 23.5%, respectively. This is due to the predominance of 
essential amino acids such as lysine, methionine, threonine, 
phenylalanine, and tryptophan. 
The sum of non-essential amino acids in trout meat of the 
studied groups ranged from 11.21 mg.100g-1 of protein (2nd 
experimental group) to 15.45 mg.100g-1 of protein (5th 
experimental group). The greatest amount of non-essential 
amino acids was found in trout meat, whose diet contained 
an increased content (20 mJ.kg-1) of metabolic energy.  
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Thus, the sum of non-essential amino acids in the studied 
trout samples of the 5th experimental group was 25.2% 
higher than in the control group and amounted to  
15.45 mg.100g-1 of protein.  
Among the non-essential amino acids, aspartic acid  
(2.41 mg.100g-1 of protein), alanine (2.07 mg.100g-1 of 
protein), arginine (1.79 mg.100g-1 of protein), and glycine  
(1.62 mg.100g-1 of protein) were dominant in trout meat of 
the 5th experimental group. 
 Table 3 Commercial qualities of rainbow trout, (n = 5). 
Indicator Group 1st 2nd 3rd 4th 5th 
Fish mass, kg 0.2903 ±8.14 0.2611 ±7.26* 0.2775 ±8.72 0.3053 ±7.33 0.3237 ±9.38* 
Head mass, kg 0.0482 ±2.13 0.04386 ±1.96 0.0444 ±3.04 0.0512 ±4.36 0.0543 ±3.65 
Fins mass, kg 0.0181 ±1.87 0.01697 ±1.98 0.0555 ±2.06 0.0198 ±1.21 0.0209 ±0.96 
Bones mass, kg 0.0193 ±0.98 0.01749 ±1.06 0.01859 ±1.10 0.0206 ±1.32 0.0221 ±0.87 
Muscles mass, kg 0.1518 ±6.98 0.13547 ±7.03 0.14153 ±6.74 0.1596 ±5.62 0.1716 ±3.21* 
Skin mass, kg 0.01974 ±1.02 0.01775 ±2.01 0.01887 ±1.99 0.02084 ±1.24 0.02108 ±1.03 
Internal organs mass, 
kg 0.01626 ±0.98 0.01462 ±0.78 0.01388 ±1.01 0.01703 ±1.03 0.01838 ±0.87 
Mass of edible parts, 
kg 0.17418 ±5.23 0.15196 ±6.85
* 0.1665 ±7.02 0.19936 ±6.54* 0.21752 ±6.24*** 
Yield of edible parts, 
% 60.0 ±3.01 58.2 ±3.69 59.3 ±3.87 65.3 ±2.0 67.2 ±2.67
* 
Mass of inedible 
parts, kg 0.11612 ±3.21 0.10914 ±3.47 0.1091 ±4.65 0.10594 ±2.45
* 0.10618 ±2.33* 
Yield of inedible 
parts, % 40.0 ±1.97 41.8 ±2.06 40.7 ±1.99 34.7 ±1.09
* 32.8 ±1.41* 
Note: *р <0.05; **р <0.01; ***р <0.001 compared to the 1st group. 
 
 Table 4 Mass of internal organs of two-year-old rainbow trout, kg (n = 5). 
Indicator Group 1st 2nd 3rd 4th 5th 
Heart 0.00095 ±0.005 0.0008 ±0.002*** 0.0008 ±0.04*** 0.0010 ±0.07*** 0.00110 ±0.005*** 
Liver 0.00403 ±0.09 0.00368 ±0.04*** 0.0034 ±0.04** 0.00426 ±0.11 0.00460 ±0.06*** 
Kidneys 0.00181 ±0.24 0.00162 ±0.22 0.00154 ±0.33 0.00187 ±0.21 0.00202 ±0.18 
Stomach 0.00428 ±0.63 0.00399 ±0.42 0.00361 ±0.39 0.00443 ±0.29 0.00483 ±0.36 
Intestines 0.00519 ±0.14 0.00434 ±0.13 0.00448 ±0.27 0.00545 ±0.11* 0.00588 ±0.13** 
Note: *р <0.05; **р <0.01; ***р <0.001 compared to the 1st group. 
 
 Table 5 Amino acid composition of rainbow trout meat proteins mg per 100 g of product, (n = 5). 
Indicators Group 1st 2nd 3rd 4th 5th 
Essential amino acids (EAA) 8.98 8.78 9.41 10.27 11.09 
Valin 1.71 ±0.03 1.64 ±0.05 1.71 ±0.02 1.78 ±0.04 1.82 ±0.03* 
Leucine+isoleucine 1.82 ±0.05 1.79 ±0.06 1.84 ±0.09 1.98 ±0.02* 2.03 ±0.07* 
Lysine 2.23 ±0.09 2.36 ±0.12 2.41 ±0.14 2.65 ±0.09* 2.74 ±0.07* 
Methionine 0.59 ±0.01 0.48 ±0.01 0.66 ±0.01 0.8 ±0.02*** 0.87 ±0.04*** 
Threonine 1.14 ±0.04 1.08 ±0.06 1.21 ±0.09 1.33 ±0.05 1.69 ±0.06*** 
Phenylalanine 1.23 ±0.05 1.19 ±0.08 1.29 ±0.07 1.39 ±0.04* 1.51 ±0.04** 
Tryptophan 0.26 ±0.04 0.24 ±0.06 0.29 ±0.05 0.35 ±0.03* 0.43 ±0.01** 
Non-essential amino acids (NEAA) 12.34 11.21 13.46 14.07 15.45 
Alanine 1.87 ±0.06 1.77 ±0.04 1.91 ±0.09 1.99 ±0.09 2.07 ±0.06** 
Arginine 1.51 ±0.05 1.41 ±0.02 1.64 ±0.07 1.69 ±0.10 1.79 ±0.01* 
Histidine 0.93 ±0.01 0.83 ±0.01 0.99 ±0.02 1.11 ±0.01 1.23 ±0.03* 
Proline 0.74 ±0.01 0.64 ±0.01 0.94 ±0.01 1.06 ±0.02 1.24 ±0.08*** 
Serin 1.34 ±0.09 1.21 ±0.08 1.40 ±0.10 1.44 ±0.05 1.64 ±0.09* 
Glutamic acid 0.62 ±0.01 0.52 ±0.01 0.73 ±0.02 0.78 ±0.03 0.92 ±0.04*** 
Aspartic acid 2.11 ±0.09 2.01 ±0.10 2.21 ±0.11 2.21 ±0.14 2.41 ±0.08* 
Glycine 1.32 ±0.08 1.12 ±0.06 1.44 ±0.13 1.49 ±0.12 1.62 ±0.06* 
Cystine 0.96 ±0.01 0.86 ±0.01 1.06 ±0.06 1.11 ±0.14* 1.26 ±0.09* 
Tyrosine 0.94 ±0.01 0.84 ±0.01 1.14 ±0.11 1.19 ±0.16* 1.27 ±0.06*** 
NEAA-to-EAA ratio 0.73:1 0.78:1 0.70:1 0.73:1 0.72:1 
Note: *р <0.05; **р <0.01; ***р <0.001 compared to the 1st group. 
 
Potravinarstvo Slovak Journal of Food Sciences 
Volume XX 503  XXXX 
So, as a result of experimental studies, it was found that an 
increase in the levels of metabolic energy in compound 
feeds of rainbow trout causes noticeable changes in the 
amino acid composition of meat, which improves its 
biological value. 
An important indicator of the biological value of proteins 
is the correspondence of the content of essential amino acids 
to the ideal protein (Table 6). 
The data in Table 6 show that the sum of essential amino 
acids in the protein of rainbow trout meat, regardless of the 
factor under study, exceeds their amount in the "ideal" 
protein. However, the content of isoleucine and leucine 
turned out to be lower than such an "ideal" protein, that is, 
these amino acids can be attributed to limiting ones. 
Thus, the results of experimental studies established that 
the content of isoleucine in the proteins of fish raw materials 
of rainbow trout was in the range from 2.75 to 3.2 g.100g-1 
of protein. The smallest amount of it was found in the 
protein of fish of the 5th experimental group, which were 
fed with compound feed with an exchange energy content 
of 20 mJ.kg-1. A similar pattern was found in the leucine 
content. At the same time, trout meat has a high content of 
valine, methionine + cystine, threonine, phenylalanine + 
tyrosine, tryptophan, and lysine, which are quite important 
for the human body. 
Results of calculating the amino acid score (Table 7) 
indicate a fairly high biological value of rainbow trout meat 
proteins. 
The limiting amino acids in trout meat are methionine + 
cystine, phenylalanine + tyrosine, lysine, and valine. 
Analysis of experimental data showed that changes in the 
nutritional value of rainbow trout feed accompanied 
noticeable changes both in the amino acid composition of 
proteins and in the calculations of the amino acid score. In 
particular, an increase in the level of metabolic energy in 
fish feed to 19 – 20 mJ.kg-1 contributed to a significant 
increase in the level of essential amino acids. The dominant 
amino acids in fish meat protein of the 4th and 5th 
experimental groups were methionine + cystine (223% and 
229%), lysine (198% and 188%), and phenylalanine + 
tyrosine (177% and 175%). 
It was also found that trout use of compound feeds with 
exchange energy of 16 mJ.kg-1 (2nd experimental group) 
leads to a decrease in the amount of methionine + cystine, 
tryptophan in meat protein, and an increase in the content of 
lysine and valine compared to the control. 
Trout cultivation on compound feed with a metabolic 
energy content of 17 mJ.kg-1 was accompanied by a 
decrease in the amount of amino acids such as valine, 
isoleucine, leucine, and threonine in meat protein. The 
limiting amino acids in trout meat protein of the 3rd 
experimental group were methionine + cystine (215%), 
phenylalanine + tyrosine (177%), and lysine (192%). 
So, the analysis of experimental data showed the influence 
of the level of metabolic energy on the quality indicators of 
rainbow trout meat. The relationship of energy nutrition of 
fish with the intensity of metabolism and improvement of 
the quality of its meat is proved. 
 
CONCLUSION 
It was found that at the end of the experiment, the highest 
mass was reached by two-year-olds who were fed with 
compound feed with an exchange energy content of 19 and 
20 mJ.kg-1, which prevailed over analogs who were fed with 
feed with an exchange energy level of 18 mJ.kg-1 by 0.015 
and 0.0334 kg (p <0.05) (5.2 and 11.5%), respectively. 
Trout fed with compound feed with an exchange energy 
content of 16 and 17 mJ.kg-1 were inferior to their peers fed 
 Table 6 Assessment of compliance of the amino acid composition of rainbow trout proteins with the ideal protein with 
the FAO/WHO scale, g.100g-1 of protein, (n = 5). 
Amino acid Group FAO/WHO ideal protein 1st 2nd 3rd 4th 5th 
Valin 8.02 8.20 7.48 7.31 6.86 5.0 
Isoleucine 3.09 3.20 2.93 2.92 2.75 4.0 
Leucine 5.44 5.75 5.12 5.22 4.90 7.0 
Methionine+cystine 7.27 6.70 7.52 7.81 8.03 3.5 
Threonine 5.35 5.40 5.29 5.46 6.37 4.0 
Phenylalanine+tyrosine 10.18 10.16 10.63 10.60 10.47 6.0 
Tryptophan 1.22 1.20 1.27 1.44 1.62 1.0 
Lysine 10.46 11.81 10.54 10.89 10.32 5.5 
Total 51.03 52.42 50.78 51.65 51.32 36 
 
 Table 7 Amino acid score of rainbow trout meat proteins, %. 
Amino acid Group 1st 2nd 3rd 4th 5th 
Valin 160 164 150 146 137 
Isoleucine 77 80 73 73 69 
Leucine 77 82 73 73 70 
Methionine+cystine 207 191 215 223 229 
Threonine 134 135 132 137 159 
Phenylalanine+tyrosine 169 169 177 177 175 
Tryptophan 122 120 127 144 162 
Lysine 190 215 192 198 188 
Total 1136 1156 1139 1173 1189 
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with feed with an exchange energy level of 18 mJ by 0.0292 
(p <0.01) and 0.0128 kg, respectively, or by (10.1 and 
4.4%). It was found that an increase in the amount of 
metabolic energy in fish feed to 19 mJ.kg-1 and 20 mJ.kg-1 
leads to an increase in intestinal mass by 5.0% and 13.3%, 
respectively, compared to the same control indicator  
(p <0.05; p <0.01). An increase in the level of metabolic 
energy in the diets of fish of experimental groups from  
18 mJ.kg-1 to 19 – 20 mJ.kg-1 contributed to an increase in 
the content of methionine in meat by 33.8 – 47.5% (p <0.01; 
p <0.001). The content of most essential amino acids in the 
protein of rainbow trout meat exceeds the corresponding 
indicators in the "ideal" protein, which confirms the high 
biological value of this product. Prospects for further 
studies are related to determining the effect of amino acid 
nutrition on the two main limiting amino acids (lysine and 
methionine) on the commercial qualities of trout and the 
biological value of its meat protein. 
  
REFERENCES 
Archibisova, D., Suslov, V. 2018. Ecological and economic 
efficiency of aquaculture development in the Black Sea region 
of Ukraine. Bulletin of KhNAU. Series: Economic Sciences, 
vol. 4, p. 52-60. https://doi.org/10.31359/2312-3427-2018-4-
52 
Brooks, J. L., Chapman, J. M., Barkley, A. N., Kessel, S. T., 
Hussey, N. E., Hinch, S. G., Nguyen, V. M. 2019. Biotelemetry 
informing management: case studies exploring successful 
integration of biotelemetry data into fisheries and habitat 
management. Canadian Journal of Fisheries and Aquatic 
Sciences, vol. 76, no. 7, p. 1238-1252. 
https://doi.org/10.1139/cjfas-2017-0530 
Buchtová, H., Ježek, F. 2011. “A new look at the assessment 
of the silver carp (Hypophthalmichthys molitrix Val.) as a food 
fish”. Czech Journal of Food Science, vol. 29, no. 5, p. 487-
497. https://doi.org/10.17221/392/2010-CJFS 
Čapla, J., Zajác, P., Čurlej, J., Belej, Ľ., Kročko, M., Bobko, 
M., Benešová, L., Jakabová, S., Vlčko, T. 2020. Procedures for 
the identification and detection of adulteration of fish and meat 
products. Potravinarstvo Slovak Journal of Food Sciences, vol. 
14, no. 1, p. 978-994. https://doi.org/10.5219/1474 
Carozza, D. , Bianchi, D., Galbraith, E. 2019. Metabolic 
impacts of climate change on marine ecosystems: Implications 
for fish communities and fisheries. Global Ecology and 
Biogeography, vol. 28, no. 2, p. 158-169. 
https://doi.org/10.1111/geb.12832 
Crank, K., Voorhees, J., Barnes, M. E. 2019. Predator 
avoidance of rainbow trout reared with environmental 
enrichment. Journal of Fisheries and Aquaculture 
Development, vol. 3, no. 1, p. 1-6. 
https://doi.org/10.29011/2577-1493.101047  
De Sá, L., Oliveira, M., Ribeiro, F., Rocha, T., Futter, M. 
2018. Studies of the effects of microplastics on aquatic 
organisms: what do we know and where should we focus our 
efforts in the future. Science of the total environment, vol. 645, 
p. 1029-1039. https://doi.org/10.1016/j.scitotenv.2018.07.207 
FAO. 2016. El estado mundial de la pesca y la acuicultura. 
Contribución a la seguridad alimentaria y la nutrición para 
todos. Roma: FAO (Food and Agriculture Organization of the 
United Nations), 224 p. 
GOST. 1985. Fish, marine mammals, marine invertebrates 
and products of their processing. Acceptance rules, 
organoleptic methods for quality control, sampling methods 
for laboratory test. Quality management systems – 
Requirements. 
Hicks, C., Cohen, P., Graham, N., Nash, K., Allison, E., 
D’Lima, C., MacNeil, M. 2019. Harnessing global fisheries to 
tackle micronutrient deficiencies. Nature, vol. 574, no. 7776, 
p. 95-98. https://doi.org/10.1038/s41586-019-1592-6 
Houk, P., Cuetos‐Bueno, J., Kerr, A. M., McCann, K. 2018. 
Linking fishing pressure with ecosystem thresholds and food 
web stability on coral reefs. Ecological Monographs, vol. 88, 
no. 1, p. 109-119.https://doi.org/10.1002/ecm.1278 
Hu, X., Zhang, R., Ye, J., Wu, X., Zhang, Y., Wu, C. 2018. 
Monitoring and research of microcystins and environmental 
factors in a typical artificial freshwater aquaculture pond. 
Environmental Science and Pollution Research, vol. 25, no. 6, 
p. 5921-5933. https://doi.org/10.1007/s11356-017-0956-4 
Huysman, N., Krebs, E., Voorhees, J., Barnes, M. 2019. Use 
of Large Vertically-Suspended Rod Array in Circular Tanks 
during Juvenile Rainbow Trout Rearing. International Journal 
of Marine Biology and Research, vol. 4, p. 1-5.  
Jia, S., Li, X., Zheng, S., Wu, G. 2017. Amino acids are major 
energy substrates for tissues of hybrid striped bass and 
zebrafish. Amino Acids, vol. 49, no. 12, p. 2053-2063. 
https://doi.org/10.1007/s00726-017-2481-7 
Jones, S., Karpol, A., Friedman, S., Maru, B., Tracy, B. 2020. 
Recent advances in single cell protein use as a feed ingredient 
in aquaculture. Current opinion in biotechnology, vol. 61, p. 
189-197. https://doi.org/10.1016/j.copbio.2019.12.026 
Jutfelt, F. 2020. Metabolic adaptation to warm water in fish. 
Functional Ecology, vol. 34, no. 6, p. 1138-1141. 
https://doi.org/10.1111/1365-2435.13558 
Kasozi, N., Rutaisire, J., Nandi, S., Sundaray, J. K. 2017. A 
review of Uganda and India's freshwater aquaculture: key 
practices and experience from each country. Journal of 
Ecology and the Natural Environment, vol. 9, no. 2, p. 15-29. 
https://doi.org/10.5897/JENE2016.0615 
Keshavarzi, B., Hassanaghaei, M., Moore, F., Mehr, M., 
Soltanian, S., Lahijanzadeh, A., Sorooshian, A. 2018. Heavy 
metal contamination and health risk assessment in three 
commercial fish species in the Persian Gulf. Marine pollution 
bulletin, vol. 129, no. 1, p. 245-252. 
https://doi.org/10.1016/j.marpolbul.2018.02.032  
Kozakevych, V. 2017. Strategy of sustainable development of 
aquaculture in Ukraine "Market transformation of the 
economy: state, problems, prospects": VIII International 
scientific-practical conference, Kharkiv, KhNTUSG, April 7, 
2017, vol. 1, p. 45-48. 
Liu, H., Li, H., Wei, H., Zhu, X., Han, D., Jin, J.,  Xie, S. 2019. 
Biofloc formation improves water quality and fish yield in a 
freshwater pond aquaculture system. Aquaculture, vol. 506, p. 
256-269. https://doi.org/10.1016/j.aquaculture.2019.03.031 
Makarenko, A., Mushtruk, M., Rudyk-Leuska, N., 
Kononenko, I., Shevchenko, P., Khyzhniak, M., Martseniuk, 
N., Glebova, J., Bazaeva, A., Khalturin, M. 2021. The study of 
the variability of morphobiological indicators of different size 
and weight groups of hybrid silver carp (Hypophthalmichthys 
spp.) as a promising direction of development of the fish 
processing industry. Potravinarstvo Slovak Journal of Food 
Sciences, vol. 15, no. 1, p. 181-
191.https://doi.org/10.5219/1537 
Mao, Y., Ai, H., Chen, Y., Zhang, Z., Zeng, P., Kang, L., Li, 
H. 2018. Phytoplankton response to polystyrene microplastics: 
perspective from an entire growth period. Chemosphere, vol. 
208, p. 59-68. 
https://doi.org/10.1016/j.chemosphere.2018.05.170 
Mushtruk, M., Gudzenko, M., Palamarchuk, I., Vasyliv, V., 
Slobodyanyuk, N., Kuts, A., Nychyk, O., Salavor, O., Bober, 
A. 2020a. Mathematical modeling of the oil extrusion process 
with pre-grinding of raw materials in a twin-screw extruder. 
Potravinarstvo Slovak Journal of Food Sciences 
Volume XX 505  XXXX 
Potravinarstvo Slovak Journal of Food Sciences, vol. 14, no. 
1, p. 937-944. https://doi.org/10.5219/1436  
Mushtruk, M., Vasyliv, V., Slobodaniuk, N., Mukoid, R., 
Deviatko, O. 2020b. Improvement of the Production 
Technology of Liquid Biofuel from Technical Fats and Oils. In 
Ivanov, V., Trojanowska, J., Machado, J., Liaposhchenko, O., 
Zajac, J., Pavlenko, I., Edl, M., Perakovic, D. Advances in 
Design, Simulation and Manufacturing IІI. Switzerland : 
Springer International Publishing, p. 377-386. ISBN 
21954364-21954356. https://doi.org/10.1007/978-3-030-
50491-5_36 
Nogales‐Mérida, S., Gobbi, P., Józefiak, D., Mazurkiewicz, 
J., Dudek, K., Rawski, M., Józefiak, A. 2019. Insect meals in 
fish nutrition. Reviews in Aquaculture, vol. 11, no. 4, p. 1080-
1103. https://doi.org/10.1111/raq.12281 
Orel, S. 2020. Fauna protection practices for ukrainian 
military training area in view of nato guidance documents. 
Journal of Defense Resources Management, vol. 11, no. 2, p. 
222-232. 
Park, J. M., Gaston, T. F., Riedel, R., Williamson, J. E. 2018. 
Biometric relationships between body and otolith 
measurements in nine demersal fishes from north‐eastern 
Tasmanian waters, Australia. Journal of Applied Ichthyology, 
vol. 34, no. 4, p. 801-805. https://doi.org/10.1111/jai.13612 
Rajabzadeh, M., Pourashouri, P., Shabanpour, B., Alishahi, 
A. 2018. Amino acid composition, antioxidant and functional 
properties of protein hydrolysates from the roe of rainbow trout 
(Oncorhynchus mykiss). International Journal of Food Science 
& Technology, vol. 53, no. 2, p. 313-319. 
https://doi.org/10.1111/ijfs.13587 
Raji, A., Jimoh, W., Bakar, N., Taufek, N., Muin, H., Alias, Z., 
Razak, S. 2020. Dietary use of Spirulina (Arthrospira) and 
Chlorella instead of fish meal on growth and digestibility of 
nutrients, amino acids and fatty acids by African catfish. 
Journal of Applied Phycology, vol. 22, p. 1-8. 
https://doi.org/10.1007/s10811-020-02070-y 
Rogoskii, I., Mushtruk, M., Titova, L., Snezhko, O., Rogach, 
S., Blesnyuk, O., Rosamaha, Y., Zubok, T., Yeremenko, O., 
Nadtochiy, O. 2020. Engineering management of starter 
cultures in study of temperature of fermentation of sour-milk 
drink with apiproducts. Potravinarstvo Slovak Journal of Food 
Sciences, vol. 14, no. 1, p. 1047-1054. 
https://doi.org/10.5219/1437 
Roohani, A., Abedian Kenari, A., Fallahi Kapoorchali, M., 
Borani, M., Zoriezahra, S., Smiley, A. H., Rombenso, A. 2019. 
Effect of spirulina Spirulina platensis as a complementary 
ingredient to reduce dietary fish meal on the growth 
performance, whole‐body composition, fatty acid and amino 
acid profiles, and pigmentation of Caspian brown trout (Salmo 
trutta caspius) juveniles. Aquaculture Nutrition, vol. 25, no. 3, 
p. 633-645. https://doi.org/10.1111/anu.12885 
Rubio-Gracia, F., García-Berthou, E., Guasch, H., Zamora, 
L., Vila-Gispert, A. 2020. Size-related effects and the influence 
of metabolic traits and morphology on swimming performance 
in fish. Current zoology, vol. 66, no. 5, p. 493-503. 
https://doi.org/10.1093/cz/zoaa013  
Sabaj, M. H. 2020. Codes for natural history collections in 
ichthyology and herpetology. Copeia, vol. 108, no. 3, p. 593-
669. https://doi.org/10.1643/asihcodons2020  
Sheiko, T., Tkachenko, S., Mushtruk, M., Vasyliv, V., 
Deviatko, O., Mukoid, R., Bilko, M., Bondar, M. 2019. The 
Studying the processing of food dye from beet juice. 
Potravinarstvo Slovak Journal of Food Sciences, vol. 13, no. 
1, p. 688-694. https://doi.org/10.5219/1152 
Smetanska, I., Tonkha, O., Patyka, T., Hunaefi, D., 
Mamdouh, D., Patyka, M., Bukin, A., Mushtruk, M., 
Slobodyanyuk, N., Omelian, A. 2021. The influence of yeast 
extract and jasmonic acid on phenolic acids content of in vitro 
hairy root cultures of Orthosiphon aristatus. Potravinarstvo 
Slovak Journal of Food Sciences, vol. 15, no. 1, p. 1-8. 
https://doi.org/10.5219/1508 
Souza, S., Pereira, T., Ávila, D., Paixão, L., Soares, S., 
Queiroz, A., Araujo, R. 2019. Optimization of sample 
preparation procedures for evaluation of the mineral 
composition of fish feeds using ICP-based methods. Food 
chemistry, vol. 273, p.106-114. 
https://doi.org/10.1016/j.foodchem.2018.01.178  
Sukhenko, Y., Sukhenko, V., Mushtruk, M., Vasuliv, V., 
Boyko, Y. 2017. Changing the quality of ground meat for 
sausage products in the process of grinding. Eastern European 
Journal of Enterprise Technologies., vol. 4, no. 11, p. 56-63. 
https://doi.org/10.15587/1729-4061.2017.108876 
Voorhees, J., Barnes, M., Chipps, S., Brown, M. 2018. 
Dietary bioprocessed soybean meal does not affect the growth 
of exercised rainbow trout (Oncorhynchus mykiss). Journal of 
Animal Research and Nutrition, vol. 3, no. 2, p. 1-13. 
Voorhees, J., Barnes, M., Chipps, S., Brown, M. 2019. 
Effects of exercise and bioprocessed soybean meal diets during 
rainbow trout rearing. The Open Biology Journal, vol. 7, no. 1, 
p. 1-13. https://doi.org/10.2174/1874196701907010001 
 
Funds: 
 This research received no external funding. 
  
Acknowledgments: 
 We would like to thank you to Dr. for Petro Shevchenko.  
 
Conflict of Interest: 
 The authors declare no conflict of interest. 
  
Ethical Statement: 
 This article does not contain any studies that would require 
an ethical statement. 
 
Contact Address:  
 *Vadym Kondratiuk, National University of Life 
andEnvironmental Sciences of Ukraine, Faculty of 
Livestock Raising and Water Bioresources, P.D. 
Pshenychnyy Department of Animal Nutrition and Feed 
Technology, Heroyiv Oborony Str., 12, Kyiv, 03041, 
Ukraine, Tel.: +38(044)527-85-55, 
E-mail: slob2210@ukr.net 
ORCID: https://orcid.org/0000-0002-4246-2639 
 Volodymyr Otchenashko, National University of Life and 
Environmental Sciences of Ukraine, Faculty of Livestock 
Raising and Water Bioresources, P.D. Pshenychnyy 
Department of Animal Nutrition and Feed Technology, 
Heroyiv Oborony Str., 12, Kyiv, 03041, Ukraine, +38(044) 
527-85-89, 
E-mail: otchenashko@nubip.edu.ua 
ORCID: https://orcid.org/0000-0003-0336-9340 
 
 
Corresponding author: *
 
 
 
